The ultrastructural location of the group-specific polysaccharide and the type-specific protein antigens R and X of group B streptococci was studied by means of the direct immunoferritin technique. The group-specific antigen was located on the outer wall layer. The specificity of the reaction was proved by the inhibition of labelling after absorption of the antibody-ferritin conjugate with group B polysaccharide. On the other hand, the demonstration of the polysaccharide was not sterically hindered by protein type antigens. As with group A and C streptococci the group polysaccharide could be localized on both the outer and inner surfaces of isolated walls. The protein antigens R and X were also demonstrated on the wall surface. The specificity of the reaction was ensured by making use of the enzymic sensitivity of these antigens. The location of the R protein on long filaments protruding from the cell surface resembles that of M protein of group A streptococci. In contrast to the group polysaccharide both the R and X protein antigens are localized only on the outer surface of isolated walls.
INTRODUCTION
Streptococcus agalactiae (group B streptococci) is characterized by a special groupspecific polysaccharide (Lancefield, 1934) . It can be further divided into five types according to the presence of four capsular polysaccharide antigens (Lancefield, 1938) and the Ibc protein antigen (Wilkinson & Eagon, 1971) . Until recently, in spite of extensive studies on group-and type-specific antigens using precipitation, immunofluorescence, counterimmunoelectrophoresis and other immunochemical techniques, the exact cytological location of these antigens remained uncertain. However, the finding that type antigens predominate in diagnostic immunofluorescence studies (Moody & Walker, 1966; Muller, 1967 ; Kubin et al., 1968; Smith, 1971; Romero & Wilkinson, 1974) suggests that these antigens are located on the cell surface covering the group antigen.
The precise location of the individual antigens of bacterial walls can be studied by means of immunoelectron microscopic methods, as already demonstrated with a variety of bacteria, including groups A and C streptococci (Swanson et al., 1969; Swanson & & Wagner, 1972 & Wagner, a, 1975 Wagner et al., , 1979 , and the location of type Ia, I1 and 111 polysaccharide antigens and the common surface protein Ibc of group B streptococci has also been reported (Kasper & Baker, 1979) .
The aim of the present work was to study the location of the group-specific polysaccharide and the type-specific protein antigens R and X of group B streptococci. The strains with protein type antigens were chosen because these antigens can be removed by proteolytic enzymes without damaging the group-specific polysaccharide. Thus, the specificity of the demonstration of the individual antigens is ensured.
Part of this study, dealing with the group polysaccharide and protein antigen X, was presented at the VIIth lnternational Symposium on Streptococci and Streptococcal Diseases at Oxford (Wagner et d., 1979a) . This report gives more detailed results on the location of the group polysaccharide and includes information on the location of the protein type R antigen.
METHODS
Bacterial strains and growth conditions. The following strains of Streptococcus agalactiae (group B streptococci) from the Czechoslovak National Collection of Type Cultures, Tnstitute of Hygiene and Epidemiology, Prague, were used: strain 24/60 ('Compton'; orig. I. H. Pattison, London) , type X; strain 25/60 ('Compton'; orig. I. H. Pattison), type R; strain 58/59 ('090'; orig. R. C. Lancefield, New York), type Ia; strain 8/66 ('090'; orig. R. C. Lancefield), group reference strain without type antigen.
Bacteria were grown with shaking at 37 "C overnight in Todd-Hewitt broth containing 1 yL (w/v) glucose, harvested by centrifugation and washed with R-K buffer (Ryter & Kellenberger, 1958 ). The strains were tested for the Fc factor (Christensen et al., 1976 ) using a haemagglutination technique (Havlizek, 1978) . In all strains the reaction was negative.
Preparation of isolated walls. Walls were prepared by disintegrating bacteria as previously described , followed by differential centrifugation (Salton, 1964) .
Groupspecific polysaccharide. Group-specific polysaccharide of group B streptococci was prepared by hot forniamide extraction of walls (Fuller, 1938) . After dialysis against distilled water the polysaccharide extract was freeze dried.
Group-and type-specific antisera. Strains 8/66 and 24/60 were used for the preparation of antisera to the group polysaccharide and to protein X, respectively. Antisera were elicited in rabbits according to the modified immunization scheme of Jelinkova (1977) . A single dose (0.5 ml) was given, and then 7 d later three doses were administered on three successive days for 4 weeks. Seven days after the last injection the rabbits were bled. The anti-R antiserum, prepared against strain 25/60, was obtained from Dr E. Gunther, Central Institute of Microbiology and Experimental Therapy, Jena, G.D.R.
To remove antibodies directed against group-specific polysaccharide, antisera raised against the protein type antigens were absorbed by strain 8/66 cells. Absorption was checked by capillary precipitation (Lancefield, 1934) and counter-immunoelectrophoresis (Kubin et al., 1977) .
Ferritin-conjugation of the antisera. Globulin fractions were prepared from the group-and type-specific antisera by adding ammonium sulphate to 40 % saturation and dialysing the suspended sediments against phosphate-buffered saline (PBS), pH 7.2. The IgG fractions were prepared by chromatography on DEAEcellulose (Levy & Sober, 1960) . The IgG fractions were conjugated with ferritin (five times crystallized; Research Institute for Vaccines, Dessau, G.D.R.) using glutaraldehyde (Wagner & Wagner, 1972b) . The crude conjugates were purified by chromatography on a column (2.5 x 100 cm) of Biogel A 1.5 m (BioRad) which removed non-conjugated IgG and most of the non-conjugated ferritin. PBS was used for elution. After examination by agarose gel electrophoresis the purified fractions were pooled, concentrated against Aquacide I (Calbiochem) and sterilized by filtration (Millipore, 0.45 pm pore size).
Treatment with enzymes. Whole organisms and walls were treated with pepsin (1 %, w/v; Difco) in 0-1 Mglycine/HCl buffer, pH 3.0, for 3 h at 37 "C or with trypsin (1 o/o, w/v; Difco) in R-K buffer, pH 7.6, for 3 h at 22 "C and were then washed three times in R-K buffer.
Electron microscopic technique. For all labelling experiments the direct inimunoferritin technique was used. Samples (0.1 ml) of whole organisms and walls were incubated with 0.3 ml of the ferritin-labelled antibody preparations at 37 "C for 1 h with shaking. They were then washed three times with R-K buffer, followed by fixation in 2-5 (v/v) glutaraldehyde in 0.075 M-cacodylate buffer, pH 7.2, containing 0. same buffer and embedding in 1 % (w/v) Noble agar, the samples were fixed overnight in 1 (w/v) OsO, in R-K buffer at 4 "C. They were dehydrated in acetone and counterstained with uranyl acetate and phosphotungstic acid (Wohlfarth-Bottermann, 1957) , before being embedded in Epon. Ultrathin sections were examined without post-staining. Cells and walls pretreated with proteolytic enzymes were processed in the same way. The electron microscopes used for examining ultrathin sections were a KEM (VEB Werk fur Fernsehelektronik, Berlin, G.D.R.), operating at an accelerating voltage of 60 kV, and an ElmiskopI (Siemens), operating at an accelerating voltage of 80 kV.
Absorption experiments. Portions of the ferritin-antibody conjugates were further absorbed with 2.5 9 (w/v) rhamnose or 1 yo (w/v) group B polysaccharide (strain B 1723) or with cells of strain 8/66 (0.1 ml cell pellet mixed with 0.5 ml conjugate). The absorptions were carried out at 37 "C for 1 h followed by overnight incubation at 4 "C before the precipitate was removed by centrifuging. Morphology of the walls Untreated cells of S. agalactiae exhibited a triple-layered wall structure (Fig. 1 a, b) . The surface of the wall was either quite smooth or covered only by very short filaments, which were quite difficult to see. There was no difference in appearance between cocci which had been fixed directly in the culture medium and those embedded in agar prior to fixation (Fig. 1 c, d ). The ultrastructure of the isolated walls corresponded with the wall profile of the whole cells.
Lo cation of the gro up-speciJic polysacchar ide Cells of all four strains incubated with ferritin-conjugated antibody directed against the group polysaccharide were strongly labelled on their surfaces (Fig. 2a, b) . Most of the ferritin particles appeared to be located directly on the wall and not on filaments. This location was not affected by pretreatment of the cells of strains 24/60 (type X) and 25/60 (type R) with trypsin or pepsin (Fig. 2c, d) , an observation which does not support the hypothesis that the group polysaccharide is masked by the protein type antigens. Contrary to our findings, Kasper et al. (1978) using ferritin-conjugated group B antiserum failed to demonstrate the group polysaccharide on the surface of a type I11 strain. As already mentioned, in immunofluorescent investigations it has also been observed that predominantly type antigens are involved in the reaction. The discrepancy might be due to differences in cultivation and preparation of the bacteria used for labelling.
Location of group B streptococcal antigens 99 Isolated walls of strains 24/60 and 25/60 were strongly labelled on both surfaces (Fig. 3 a,  b) . The majority of the ferritin particles lay at an equal distance from both wall surfaces (Fig. 3a) . As for whole cells, the specificity of the labelling was proved by the complete inhibition of the reaction after previous absorption of the conjugate with group B polysaccharide (Fig. 3c, d ), whereas absorption with rhamnose only resulted in a diminished binding of the conjugate. The possible influence of the Fc-binding factor (Christensen et al., 1976) on the labelling reaction could also be excluded.
The demonstration of the group B polysaccharide on both surfaces of isolated walls is consistent with results obtained for the polysaccharide of group C streptococci (Wagner & Wagner, 1975) ; observations on group A streptococci polysaccharide (Swanson & Gotschlich, 1973) can be interpreted in the same manner. Thus, the group-specific polysaccharides of these three groups may have the same arrangement, and probably they traverse the whole cell wall. These findings provide further evidence that the streptococcal wall cannot be composed of concentric layers as previously supposed at least for group A streptococci Location of group B streptococcal antigens 101 (Krause, 1963; Goldstein, 1972; Heymer et al., 1973) . Recently, Kasper & Baker (1979) have described the demonstration of the type polysaccharides of group B streptococci. However they studied only whole cells and so no statement could be made as to whether these antigens were also located on the inner side of the wall.
Location of the protein type antigen X Cells of strain 24/60 (type X) incubated with ferritin-conjugated antibody directed against antigen X were strongly labelled (Fig. 4a) and cells of strain 25/60 (type R) also exhibited a distinct labelling pattern (Fig. 4b) . The reaction of the heterologous strain can be explained by the presence of a small part of X antigen in R strains (Pattison et al., 1955) . On the other hand, cells of strains 58/59 (type Ia) and 8/66 (without type antigen) did not show any ferritin deposits (Fig. 4d) .
After pretreatment with trypsin (Fig. 4 e ) or pepsin (Fig. 4f) the labelling on the cells of strain 24/60 was diminished or completely abolished. Similar results were obtained for pepsin-or trypsin-pretreated cells of strain 25/60 (type R).
Contrary to the group polysaccharide on isolated walls of strain 24/60, the protein antigen X was localized exclusively on the outer surface (Fig. 4c) .
Location of the protein type antigen R Cells of strain 25/60 (type R) incubated with ferritin-conjugated antibody directed against antigen R had large ferritin deposits over the whole surface (Fig. 5a) . The ferritin granules were associated with both the outermost layer of the wall and with long filamentous protrusions from the surface. This location closely resembles that of M protein of group A streptococci (Swanson et al., 1969; Wagner & Wagner, 1972a) and is also in agreement with earlier immunofluorescent investigations (Kohler & Wagner, 1962) . A close biochemical similarity between the M and R proteins has also been described (Johnson, 1975 ; Johnson & Beachey, 1979) . Onuntreated cellsof strain 25/60 only short filaments were visible; these may have been made more obvious by the antigen-antibody reaction (Lai et al., 1973; Emyanitoff rt al.. 1976) . Isolated R28 protein was reported to be trypsin-resistant (Johnson, 1975) although in our experiments labelling of the R antigen could be inhibited by treating walls with trypsin or pepsin.
Jsolated walls of strain 25/60 were predominantly labelled on their outer surface, although the inner surface was also labelled with some diffusely distributed ferritin granules. This labelling of the inner side of the wall could not be removed by absorption of the conjugate with rhamnose (Fig. 5c) . Absorption of the conjugate with group B polysaccharide or with cells of strain 8/66 did not alter the labelling intensity on the outer wall surface, whereas the labelling on the inner wall surface was completely inhibited (Fig. 5 b) . Therefore, all further experiments were made with conjugate absorbed with group B polysaccharide.
Walls pretreated with trypsin exhibited a smooth outer surface without filamentous protrusions (Fig. 5e) and there was no labelling by the conjugate. After limited digestion by pepsin (Beachey et al., 1974 ) the walls were not labelled although short filaments were still present on the outer surface (Fig. 5d) .
Using anti-R conjugate, absorbed only once with strain 8/66 cells, walls of strain 24/60 (type X) were slightly labelled on both surfaces (Fig. 6a) . After additional absorption of the conjugate with group B polysaccharide labelling was almost completely abolished (Fig. 6 b) .
These results show that, similar to the X antigen, the R protein is located only on the outer surface of the wall. The T and M proteins (Wagner et al., 19793; 
Wagner, unpublished observations) have also been found to have the same asymmetric arrangement.
Location on the outer surface may be a common feature of all streptococcal wall pro- Location of group B streptococcal antigens 103 teins. However, this fact does not support the hypothesis of a simple layered arrangement of the wall components. We have already shown that both the group polysaccharides of groups B and C streptococci and the peptidoglycan of groups A and C streptococci Rfc et al., 1979) are accessible from the outer as well as from the inner wall surface, results which strongly suggest a mosaic-type structure of the wall.
